INTRODUCTION

V1073 Cyg (BD +33
• 4252, HD 204038, HIP 105739, BV 342) is a W UMa type eclipsing binary. Strohmeier (1960) first recognized the variability of V1073 Cyg, then the photographic light curve was published in 1962 (Strohmeier, 1962) . Thus far, more photometric and spectrographic researches have been carried out for V1073 Cyg (such as Sezer (1993) (2012) and so on), and absolute parameters have been derived. Here are the brief introduction. Radial veloc-q = 0.303(17) was presented by Pribulla et al. (2006) based on their radial-velocity curve. And the fill-out factor has been reported many times, such as f = 0.007 and f = 0.008 (Kondo, 1966; Leung & Schneider, 1978; Ahn et al., 1992; Sezer, 1993 Sezer, , 1994 , f = 0.19 (Jafari et al., 2006) , and f = 0.20 (Sezer, 1996) .
The original classification of the spectral type of the primary star was A3 Vm (Fitzgerald, 1964) , some other spectral types classification also were reported as F0n III-IV (Abt et al., 1969) , F0n V (Morgan et al., 1943) and F0V (Pribulla et al., 2006) . Investigations about V1073 Cyg have confirmed that this system is a short-period contact eclipsing system with a period of P = 0.7858506day (Pribulla et al., 2006) .
The orbital period analysis has been taken out by many authors. Aslan & Herczeg (1984) found that the period decreased about 0.4 seconds in 1976 using 25 photoelectric and some photograph epochs of minima since 1962, then Wolf & Diethelm (1992) made a new O-C analysis with adding 16 photoelectric times of light minima and detected a constant decrease. One year later, Sezer (1993) made a analysis using 29 photoelectric data and reported that the period was decreasing by 3.12(±0.17) seconds per century (i.e. P = −7.8 × 10 −10 days · cycle −1 ). 17 years ago, Morris & Naftilan (2000) pointed out that the period had decreased 0.795 ± 0.040s around JD 2,445,000 in 1982, while Yang & Liu (2000) found that the period was decreasing at a rate ofṖ = −8.8 × 10 −10 days · cycle −1 from 1962 to 1998 year, using 111 data including 62 pe data in their analysis. By now, more high-precision eclipse times have been obtained, which are very useful for more precise period investigation.
According to the spectroscopic observation made by Fitzgerald (1964) , the spectrum of the primary component shows that the primary component of V1073 Cyg is a Am star. V1073 Cyg has been listed in the catalog of Ap, HgMn and Am stars (Renson & Manfroid, 2009 ) as a doubtful Am star. Am stars almost are A and F type stars with remarkable peculiar characteristic of element abundances, such as considerably weaker Ca II, K line (Titus & Morgan, 1940; Roman et al., 1948) , under-abundance of calcium and scandium, over-abundances of iron-group elements, and extreme enhancements of rare-earth elements (Conti, 1970) compared to the same spectral type stars. Am stars rotate more slow than normal A and F type stars, and the rotational velocities are always less than about 100km · s −1 (Abt & Moyd, 1973) ; Am stars show high binaries-proportion, which is more than 90% (Abt, 1961 (Abt, , 1965 Hubrig et al., 2010) . As the only one W UMa type binary of the 73 eclipsing Am binaries (Renson & Manfroid, 2009; Smalley et al., 2014) , V1073 Cyg is very special because the rotation velocity of the primary component is about 160 Pribulla et al., 2006) , which is much higher than the limit rotation velocity 100km · s −1 given by Abt & Moyd (1973) , that makes it became a challenge to the cut-off of rotation velocity. So the investigations both photometric and spectroscopic of this target are very important.
In this study, we carried out a new photometric solution for V1073 Cyg based on our new multi-color light curves and derived new absolute parameters. We also collected the times of minima of V1073 Cyg spanning 119 years and made a new exhaustive orbital period analysis.
OBSERVATION AND DATA REDUCTION
Four filters light curve observations of V1073 Cyg were carried out on 2015 October 26, 27, 28, 29 using the Andor DZ936 2K CCD (size: 2048 × 2048 pixel) photometric system attached to the 85 cm telescope Table 1 and the finding chart is shown in Figure 1 .
LIGHT CURVES AND ANALYSES
New multi-color curves of V1073 Cyg were obtained in this study. The photometric phases were calculated with the new linear ephemeris:
in which, 2457191.2159 is the new time of light minima obtained by this study, and P = 0.7858506day in Figure 2 with different color marking the observations of different day, and corresponding magnitude differences between comparison star and check star are shown in the bottom panel.
Absolute parameters of this system were derived from the light curves analysis with Mode 3 in the Wilson-Devinney(W-D) program (Wilson & Devinney, 1971; Wilson, 1979 Wilson, , 1990 Van Hamme & Wilson, 2007; Wilson, 2008; Wilson et al., 2010; Wilson, 2012) . In the solution process, we adopted q=0.303 and F0 V as the spectral type of primary star (Pribulla et al., 2006) . Then refer to the Table 15 .7 (Calibration of MK spectral types) in the book named Allen's Astrophysical Quantities by Cox (1999) , the temperature of primary star (star 1 in Mode 3) should be T 1 = 7300K, the convergent photometric solutions are derived and listed in Table 2 . We tried to set the third light l 3 as a free parameter, but failed to obtain the convergent solution. Based on the Kepler's third law and (M 1 + M 2 )sin i 3 = 1.896(25) (Pribulla et al., 2006) , the absolute parameters (M 1 , M 2 , R 1 , R 2 , a) can be derived, which are listed in Table 2 . The theoretical light curves are plotted in Figure 3 , while the geometrical structure is shown in Figure 4 .
O-C DIAGRAM ANALYSES
We collected 257 times of light minima from 1899 to 2017 and observed three times in 2015. All these 260 times of light minima were listed in Table 3 . The time HJD 2447408.7690 observed by spectrographic method was abandoned because of the obvious deviation from the O-C diagram, and all the others listed in the Table 3 
The period decrease had been well discussed (Aslan & Herczeg, 1984; Wolf & Diethelm, 1992; Sezer, 1993; Morris & Naftilan, 2000; Yang & Liu, 2000) . We tried to fit the O-C curve with downward parabola curve indicating period decrease, which is shown with dished line in the upper panel of Figure 5 . The residuals (O − C) 1 from the parabolic fit are displayed in the middle panel, which also show a cyclic oscillation indicating the existence of a cyclic variation. So we combined the downward parabola curve with a cyclic variation and tried to make a good fit to the general trend of the O-C curve. The combination curve is plot in the upper panel of Figure 5 with solid line. Taking the case (eccentric orbital) reported by Qian (2015) into account, following equation (2) was used to describe the O-C diagram:
△T 0 is the the corresponding correction values of the epoch and △P 0 is the period in Equation (1) , β is the time effect (LTTE) (Irwin, 1952a) , shown as (O − C) 1 in the middle panel of Figure 5 ,
in which, A = a 12 ′ sin i ′ /c (day) is the projected semi-major axis and c is the velocity of light, e, ν, ω anomaly. The Kepler equation leads to the relationship formula of the mean anomaly M and E * :
P A is the anomalistic period, t is the time of light minimum, and T is the time of periastron passage respectively.
In our O-C analysis, we adopt different weight for different-precision data, i.e. a weight of 5 for CCD (ccd) and photoelectric (pe) data and a low weight of 1 for visual (vis) and photographic (pg) data, as same as that of Yang & Liu (2000) . The combination of the change of continuum decrease and cyclic Table 4 .
DISCUSSION AND CONCLUSION
V1073 Cyg is a short-period W UMa type eclipsing binary with a period of P = 0.7858506day. Our new multi-color light curves analysis found that V1073 Cyg is a shallow contact binary, with a fill-out factor of f (fill-out) = 0.124(±0.011) , an orbit inclination angle of i = 68.4(±2.9)
• and M 1 = 1.810(±0.004)M ⊙ , Notes: (1) Strohmeier & Bauernfeind (1968) . (2) Kondo (1966) . (3) Wolf & Diethelm (1992) . (4) Kruseman (1968) . (5) Bonneville et al. (1975) . (6) Dumitrescu & Dinescu (1976) . (7) Braune & Mundry (1979) . (8) Braune & Mundry (1981) . (9) GEOS EB 13. (10) Aslan & Herczeg (1984) . (11) BAV-M 34. (12)BAV-M 36.
(13) Diethelm et al. (1983) . (14) Scarfe et al. (1984) (15) Pohl et al. (1987) . (16)BBSAG 80. (17) Keskin & Pohl (1989) . (18) Ahn et al. (1992) . (19) Wunder et al. (1992) . (20) Muyesseroglu et al. (1996) . (21) Blattler (1992b) . (26) Nelson (1998) . (27)Rotse.
(28) Derman & Kalci (2003) . (29)Nelson (2003) Brát et al. (2007) . (32) Brát et al. (2008) .
(33) Yilmaz et al. (2009) . (34) Hubscher et al. (2010) . (35) Gokay et al. (2010) . (36) Gokay et al. (2012) . ( The O-C analysis demonstrated that the orbital period of V1073 Cyg is undergoing a continuous decrease and a cyclic variation simultaneously. The period decrease rateṖ = −1.04(±0.18) × 10 −10 days · cycle −1 is approximately consistent withṖ = −7.8 × 10 −10 days · cycle −1 of Sezer (1993) andṖ = −8.8 × 10 −10 days · cycle −1 of Yang & Liu (2000) . More high-precision data (20 CCD data and more pe data) with a longest time span (119 yeas) were used in our analysis, the results derived from our O-C analysis will be more reliable. The long-term period changes could be explained by the combined effects of angular momentum loss (AML) and mass transfer between two components. With period decrease, V1073 
single star, like V1309 Sco (Zhu et al., 2016) . Long-term period variation (no matter decrease or increase)
are very common for W UMa-type contact binaries, like V502 Oph (Derman & Demircan, 1992) , V417 Aql (Qian, 2003) , V1191 Cyg (Zhu et al., 2011) , EP And (Liao et al., 2013) , TY UMa (Samec et al., 2000) , DD
Ind (Samec et al., 2016) and so on.
The cyclic variation curve fits the O-C diagram very well in Figure 5 , and this is the first time to detect a cyclic variation for V1073 Cyg. The period of the cyclic variation is P 3 = 82.7(±3.6)years and the corresponding amplitude A = 0.028(±0.002)day. There are two possible ways to interpret the cyclic variation, i.e. the magnetic activity of one or both components (Applegate , 1992) , and the LTTE through the presence of a tertiary companion. In consideration of the short period and fast rotational velocity of about 160km · s −1 , and the constitution of a F0V type primary component and a late type secondary component, it is probable that magnetic activity cycles (Applegate , 1992; Lanza et al., 1998; Lanza & Rodonò, 1999) in the two components may appear in V1073 Cyg. Using the equation given by (Rovithis-Livaniou et al., 2000) :
In the formula, P 3 is the period of the cyclic oscillation, we can obtain the value of ∆P P . The variation of the quadruple momentum ∆Q causing such cyclic variation can be calculated with following equation (Lanza & Rodonò, 2002) :
in which a is the separation between the two components. As M 1 = 1.810M ⊙ , M 2 = 0.549M ⊙ and a = 5.172R ⊙ , combining the above two equations, ∆Q 1 = 3.6 × 10 52 gcm 2 and ∆Q 2 = 1.7 × 10 52 gcm According to Liao & Qian (2010) , the LTTE due to the existence of a distant third companion may be the plausible reason of the periodic variation of binaries. Third body plays an important role in the evolution of contact binaries. It will cause the periodic variation of period, and also will take away the angular momentum of system leading to the orbital contraction process and then promote the evolution of contact binaries (Tokovinin et al., 2006; Qian et al., 2013 Qian et al., , 2014 Qian et al., , 2017 . In Table 2 , M 1 = 1.810(±0.122)M ⊙ , and M 2 = 0.549(±0.037)M ⊙ , then the mass function of the tertiary companion can be calculated with the equation:
In the formula, G is the gravitational constant, and P 3 is the orbital period of tertiary component. body has been detected from the light curve analysis in the previous researches, and the radial velocity curves (Fitzgerald, 1964; Pribulla et al., 2006) didn't show any evidence of potential third body. One possible explanation is that the third body may exist as a white dwarf. In fact, the mass of the third body is around the mass peak distribution of dwarfs.
In our opinion, the LTTE will be more plausible than the the magnetic activity mechanism to interpret the cyclic variation. Because, comparing with the magnetic cycles shown in solar-type single stars and close binaries (Maceroni et al., 1990; Bianchini, 1990) , the period 82.7years of cyclic variation of V1073 Cyg is much long. LTTE may cause a strict cyclic variation of period not a simple period oscillation, which can be verify by more new CCD times of light minima data.
As we have mentioned that V1073Cyg is a special doubtful Am binary because of the fast rotation velocity. From our light curve and O-C curve analysis, we know that V1073Cyg is a shallow contact binary and the period is undergoing a long-term decrease. The mass transfer and loss occurring in this shallow contact binary will lead to the orbit shrinking. Because of the synchronous rotation, the components of V1073 Cyg will rotate faster, which makes V1073 Cyg more interesting.
